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ABSTRACT 

THIS PROGRAM ASSISTS IN THE TESTING AND CALIBRATION OF THE 
AAL1 DIGITAL TO ANALOG CONVERTER, PROVISIONS ARE INCLUDED 
FOR a POP-11 SYSTEM WITH UP 70 4 AAw-i1 DAC'S. THE PROGRAM 
1S OIVIDEO INTO FOUR SECTIONS! DaC TEST, RAMP, SQUARE 
WAVE, ANO CALIBRATE, 

REQUIREMENTS 

EQUIPMENT 

POP-11/28 

AAL1 DIGITAL TO ANALOG CONVERTER SUBSYSTEM WITH UP TO 4 
CONVERTER MODULES. 

STORAGE 

THE PROGRAM OCCUPIES MEMORY FROM @ TO 1518. 

LOADING PROCEDURE 

METHOD 

PROCEDURE FOR NORMAL BINARY TAPES SHOULD BE FOLLOWED. 

1. ABSOLUTE LOADER MUST BE IN MEMORY, 

2, PLACE BINARY TAPE IN READER 

3, LOAD ADDRESS #7508 (@ DETERMINED BY ADDRESS OF LOADER). 
4, PRESS “START® (PROGRAM WILL LOAD). 

STARTING PROCEDURE 

CONTROL SWITCH SETTINGS 

ALL SECTIONS 


SWITCH REGISTER BITS 14, 13, 12 SELECTS DAC TO BE TESTED, 


14 13 12 ADDRESS aSSIGNMENT 

e 28 @ Dace 176768 (REFERENCE 6.3) 
B.S ¢ Daci 176762 

ei @ Dac2 176764 

686 Dac 176766 


RAMP, SQUARE WAVE. AND CALIBRATE 
SWITCH REGISTER BIT 11 CONTROLS DAC POLARITY 


i1is@ POSITIVE 
4121 NEGATIVE 


Bb 
a 
- 
— 
a 


4,141.4 


4.1.5 


4,2 

4,2.1 
4,2,2 
4,2.3 


4,2.4 


RAMP TEST 

SWITCH REGISTER BITS 6 THRU @ CONTOL RAMP SLOPE 
218 

® MINIMUM RaMP TIME 


8 
i 
8 
i 


o 
1 2121 241 42 © MAXIMUM RaMP TIME 
SQUARE WAVE 
SWITCH REGISTER BITS 6 THRU @ CONTROL SQUARE WAVE FREQUENCY 


6543 218 
®@ @88 8 @ 6 & MAXIMUM FREQUENCY 
6@e@en8 B@@14 
@e@e08 80186 
@e0ee 811 


: &t 1" 112 8 MINIMUM FREQUENCY 

CALIBRATE 

SWITCH REGISTER BITS 18 THRU B CONTROL 14 BIT Dac VALUE, 
1829 8676 543 218 

2088807 8088 68 0 ® MINIMUM VALUE (@ VOLTS) 


42 141 244 44 4 © MAXIMUM VALUE Co OR ~ FULL SCALED 
STARTING ADDRESS 

208 DAC TEST 

204 RAMP 

210 SQUARE WAVE 

214 CALIBRATE 


Ws 
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PROGRAM AND/OR OPERATOR ACTION 


LOAD PROGRAM INTO MEMORY 

SELECT TEST. 

LOAD STARTING ADDRESS, 

SET aPPROPRIATE CONTROL SWITCHES, 
PRESS "START" 


OPERATING PROCEDURE 
pac TEST 


LOAD ADDRESS 2608 

SELECT ONE DAC WITH SWITCHES 14, 43, 12 (REFERENCE 4.1.1), 
PRESS STaRT, 

PROGRAM WILL BEGIN TESTING THE SELECTED DAC, 

ONLY ONE DAC WILL BE TESTED aT A TIME, HOWEVER, DAC SELECTION 
CAN BE CHANGED AY ANY TIME WHILE THE PROGRAM IS RUNNING, 


RAMP TEST 


LOAD ADDRESS 264, 

SELECT ONE DAC WITH SWITCHES 14, 13, 12 (REFERENCE 4.1.1). 
SELECT POLARITY WITH SWITCH 11 (REFERENCE 4,1.2), 

SELECT RAMP SLOPE WITH SWITCHES 6 THRU @ (REFERENCE 4.1.3). 
PRESS START, 

PROGRAM WILL EXECUTE RAMP, 

ONLY ONE DAC AND POLARITY MaY BE SELECTED AY A TIME. TO 
SELECT ANOTHER DAC OR CHANGE POLARITY RESTART TEST aT 218, 
SWITCHES CONTROLLING RAMP SLOPE MAY BE CHANGED WHILE PROGRAM 
1S RUNNING, 


SQUARE waVE 


LOAD ADDRESS 232, 

SELECT ONE DAC WITH SWITCHES 14, 13, 12 (REFERENCE 4.1.1). 

SELECT POLARITY WITH SWITCH 11 (REFERENCE 4,1.2) 

SELECT SQUARE WAVE FREQUENCY WITH SWITCHES 6 THRU @ (REFERENCE 4.1.4) 
PRESS START, 

PROGRAM WILL EXECUTE SQUARE WAVE. 

ONLY ONE DAC AND MAY BE SELECTED AT A TIME. TO SELECT ANOTHER 

DAC RESTART TEST, SWITCHES CONTROLLING SQUARE WAVE POLARITY OR 
FREQUENCY MAY BE CHANGED WHILE PROGRAM IS RUNNING, 
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CALIBRATE TEST 


LOAD ADDRESS 214, 

SELECT UP TO FOUR DACS WITH SWITCHES 14, 13, 12 (REFERENCE 4,1.1), 
SELECT POLARITY WITH SWITCH 11 (REFERENCE 4.1.2), 

SELECT DAC VALUE WITM SWITCHES 10 THRU @ (REFERENCE 4.1.5). 

PRESS START, 

PROGRAM WILL LOAD DACS WITH SELECTED VALUES, 

SWITCHES SELECTING DACS. POLARITY OR VALUES CAN BE CHANGED 

WHILE PROGRAM IS RUNNING, 


ERRORS 

ERROR REPORTING 

IF aN ERROR OCCURS DURING DAC TEST THE PROGRAM WILL WALT. 
REGISTER @ WILL CONTAIN EXPECTED VALUE OF Dac. YO RESUME 
TESTING PRESS "CONTINUE", IF IT 18 DESIRED TO LOOP ON 
THE TEST THAT FAILS REPLACE THE WALT INSTRUCTION WITH A 
248 (NOP). 

NO ERROR INDICATIONS ARE GIVEN DURING OTWER TESTS, 
RESTRICTIONS 

NONE 

MISCELLANEOUS 

EXECUTION TIME 

N/A 

PROGRAMMING TECHNIQUE 


THIS PROGRAM MAKES EXTENSIVE USE OF GENERAL REGISTERS FOR THE 
PURPOSE OF GAINING: MAXIMUM OPERATING SPEED. 





DAC SELECTION 


THE PROGRAM CAN TEST UP TO FOUR DAC*S AT ONE TIME. IN 
IT'S STANDARD FORM IT WILL TEST DACB, DACA» DAC2 AND 

DACS, MEMORY ADDRESSES 102, 182, 104 AND 106 CONTAIN 
THE POINTERS FOR THESE DACS, IF IY 1S DESIRED TO TEST 
ANY OF THE OTWER 16 DACS, THE OPERATOR MUST CHANGE THE 

gions OF THE POINTER ADDRESSES TO SELECT THE DESIRED 
AC. 


EXAMPLE’ 108/ 176760 
1@2/ 176528 
104/ 176542 
186/ 176566 


DACS @, 6» 13 AND 19 COULD NOW BE SELECTED. 


pac aDDRESS 
a 176768 
1 476762 
2 476764 
3 476766 
4 176508 
5 476502 
6 476504 
7 476506 
8 176520 
9 476522 
18 4176524 
11 476526 
12 1765490 
13 476542 
14 176544 
15 476546 
16 476568 
17 476562 
18 476564 
19 176566 





9. 
9.3 


PROGRAM DESCRIPTION 
DAC TEST 


THIS TEST MAKES CERTAIN THAT ALL BITS OF THE DAC MAY BE SET, 
CLEARED AND READ BACK, FIRST THE Dac IS CLEARED AND CHECKED TO 
BE CLEAR, THEN SET TO ALL ONES AND CHECKED TO BE SET TO ALL ONES, 
NEXT THE DAC IS SET WITH AN INCREMENTING PATTERN AND CHECKED, 
ALSO CHECKED ARE THE CONDITIONS WITW BIT 11 SET TO MAKE SURE THaT 
BIT 41 18 REFLECTEO IN BITS 15 THRU 12. 


RAMP TEST 


THE .DAC SELECTED BY SWITCHES 14, 13, 12 1S CLEARED (SET TO ZERO VOLTS) 
AND THEN INCREMENTED (OR DECREMENTED) AT A RATE THAT MAY BE 
CONTROLLED BY SWITCWES 6 THRU @ UNTIL THE MAXIMUM VALUE (¢ OR = FULL 
SCALE) 1S REACWED. 


SQUARE WAVE 


THE DAC SELECTED BY SWITCHES 14, 43, 12 18 SET TO ZERO AND FULL SCALE 
CIF POLARITY NEGATIVE) AT A RATE THAT MAY BE CONTROLLED BY SWITCHES 
6 THRU @, 


CALIBRATION 
THE VALUE CONTAINED IN SWITCHES 11 THRU @ IS LOADED INTO THE DAC 


SELECTED BY SWITCWES 14. 13, 12, THE OPERATOR MUST DETERMINE WITH 
A Ovm OR SCOPE IF TWE DAC OUTPUT IS ACCURATE. 








PALK&i1 


oecece 
e800e2 
o00084 
C00086 
0000310 
080012 
o00e14 
000016 
088020 
000022 
e00024 
000826 
080030 
080032 
000034 
008836 
888040 
008042 
o80044 
008046 
000058 
080052 
000054 
000056 
0000608 
080062 


. 0800864 


@00066 
000078 
000072 
000074 
000076 


000100 
000102 
000104 
000106 


000200 
000204 
000230 
000214 


vee3 


o8e0ee2 
8000ce 
600006 
eceeee 
680012 
eveece 
080016 
oeeece 
880022 
eecece 
620026 
600000 
080032 
edeeee 
680036 
ee00e8 
006042 
680000 
080046 
6eceeo 
600052 
eeeece 
680056 
oecece 
800862 
600000 
020066 
eeeee0 
880072 
620000 
000076 
8200c0 


176768 
476762 
176764 
476766 
477578 
009240 
020776 


080200 
000167 
080167 
000167 
000167 


20-NOV~-78 


080574 
801006 
081106 
800704 
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ATION 


SCOPYRIGHT 4976, DIGITAL EQUIPMENT CORP,, MAYNARD, MASS, 


1 JOWN RODENWISER 
+28 
REPT 
+02 
HALT 
eENOR 
7? 
WALT 
0e2 
WALT 


HALT 


STHE FOLLOWING 4 ADDRESSES MAY BE MODIFIED TO POINT TO OTMER DACs 


oace: 176768 
DACis 476762 
pac2: 176764 
DaCc3: 176766 
§R*177570 

NOP 2240 
STACKS776 


22208 
JMP 
ump 
JMP 
JmP 


DaCTSsT 
RAMP 
SQUARE 
CALIB 


ICONTAINS ADORESS OF DAC @ 
ICONTAINS ADDRESS OF DAC 2 
ICONTAINS ADORESS OF DAC 2 
ICONTAINS ADDRESS OF DAC 3 


sDAC TEST 
SRAMP TEST 
SSQUARE WAVE TEST 
ICALIBRATE 








PALKI1 


oe1cee8 
001004 


001016 
081012 
001014 
001016 
001628 


061022 
001626 
001838 
0810834 
601036 
0010468 


601842 
081044 
001046 
001658 
861852 
001054 
081056 
001068 
001862 
0801066 


0810708 
001674 
001188 
001182 
001104 
001106 
001116 
001112 
001114 
0011208 
001122 


vee3 


ob1608 


612706 
604767 


6050108 
611601 
601402 
60eee8 
606773 


61271¢ 
611601 
022701 
001402 
808000 
600778 


005001 
6050108 
085201 
605218 
920110 
681402 
eeence 
600778 
622701 
001367 


612701 
8127108 
005210 
685201 
0201108 
601492 
eeeoce 
088766 
622718 
081367 
088726 


20-NOV-78 


088776 
000422 


477777 
477777 


003777 


4173777 
003777 


477777 
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#1008 
TEST DAC BITS 12-8 TO SET AND CLEAR 
s$W 44, 43-6 12 SELECT Dacs 


DACTST: MOV @STACK.X%6 
JSR %7 ,DACSEL 5GEY Dac SELECTED 
HTEST DAC CAN BE CLEARED 
ores CLA (6) 
MOV (6),%1 
BEO ori 
WALT SERROR DAC NOT CLEARED 
aR ore 
sTEST Dac CaN BE SET TO ALL 1'S 
Oris MOV @-i,(8) 
MOV (8),%1 
cP O-1,%1 
BEO or2 
WALT SERROR DAC NOT ® ALL 11'S 
BR ori 
sTEST DAC WILL ACCEPT A COUNT PATTERN (8 TO 3777) 
Or2: CLR “1 
CLR (8) 
OT2as 1nc %1 
INC (6) 
cmMP Ki. (6) 
BEO or2s 
WALT SERROR DAC NOT ® Ki 
QR 72 
or2B cmMP 03777,%1 
BNE OT2a 
sTEST THAT DAC WILL ACCEPT A COUNT PATTERN (4000-7777) 
ors: MOV @173777,%1 
MOV 03777,(0) 
OTSas INC (8) 
INC wi 
cmMP ®1i,(8) 
BEQ orTss 
WALT SERROR DAC NOT ®& Xi 
BR ors 
orTsB: cmMP #@-1,(0) 
BNE OTSA 
BR DaCTST sREPEAT TEST LOOP 








PALKi1 


001124 
001152 
081134 
001142 
061158 
001152 
601168 
661166 
001178 
001176 
001204 
001206 
001214 


001216 
801222 
001226 
0812354 


081236 
0012468 
081244 
601256 
001252 
001254 
001256 
801260 
001262 
001264 
601266 


001270 
001272 
001276 
601302 
081304 
001306 
001318 
001312 
@81314 
001316 
6013208 


v8e3 


632767 
001903 
616777 
632767 
601403 
016777 
632767 
681483 
616777 
032767 
001747 
016777 
686743 


812706 
004767 
032767 
001015 


005018 
812702 
612703 
0852108 
4111201 
405301 
106376 
6203108 
081372 
805910 
000771 


605018 
612702 
012703 
005310 
111201 
405301 
100376 
020318 
681372 
005010 
000771 


20-NOV-70 


070000 


176430 
610000 


176432 
e200e0 


176374 
o400e08 


176356 


008776 
000204 
004000 


477579 
003777 


177576 
174800 


176436 


176736 
176428 


476722 
176462 


1767086 
176364 


176672 


176334 
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ICALIBRATION ROUTINE FOR UP TO 4 DACs 
s$W 44. 435 12 SELECT Dac 
sSW 41 SELECTS POLARITY 


bSW 26-8 SELECTS DIGITAL VALUE 


CALI@: BIT 
BNE 
MOV 
cit BIT 
BEO 
MOV 
c2s BIT 
BEG 
MOV 
css BIT 
BEQ 
MOV 
BR 
sRAMP TEST 


1SW 44, 43, 12 SELECTS Dacs 


#76600,SR 
ci 

SR, @DACE 
#10006,SR 
c2 

SR, @DACL 
#20660,SR 
cs 

SR, @DAC2 
046660.SR 
CALIB 
SR»@DACS 
Calis 


5SW 11 SELECTS POLARITY 


SW 7-8 CONTROLS RAMP SLOPE 


RAMPS MOV 


POSITIVE RamP 


@STACK.%6 
%7,DACSEL 
64806,SR 
RN 


588 CONTAINS DAC POINTER 
) 


RPS CLR (6 
MoV @SR,%2 
MOV 63777,%3 
RPis INC (8) 
RP21 MOVB (2),%1 
dECB %1 
BPL 72 
CMP %3.(8) 
BNE RPL 
CLR (8) 
BR RP2 


SNEGATIVE RAMP 


b®@ CONTAINS DAC POINTER 


RNS CLR 
MOV 
MOV 

RNit DEC 

RN23 MOVB 
DECB 
BPL 
emP 
BNE 
CLR 
BR 


(8) 
#SR,%2 
#174808,%3 


sTEST SW 12, 13, 14 © @ TO LOAD DAC B 


HTEST SW 12 TO LOAD Bac 2 


1TESY SW 13 TO LOAD OAC 2 


sTEST SW 14 TO LOAD BAC 


HCLEAR OAc 

582 18 SWITCH REGISTER POINTER 
18S 18 DAC VALUE COMPARITOR 
tei TO DAC VALUE 

1GET DELAY FROM SWITCHES 


HOELAY COUNT 
128 0AC#37779 
pNO : 
HYVES, CLEAR DAC 


ICLEAR bac | 
1K2 1S SWITCH REGISTER POINTER 
1%3 18 DAC VALUE COMPARITOR 
bei TO DAC VALUE 

1GET DELAY FROM SWITCHES 


HOELAY COUNT 
11S 0AC#174060 
HNO 

HYES, CLEAR DAC 





PALXS1 


001322 
061326 
081332 
881340 


001342 
001346 
6813508 
081354 
081356 
001368 
081364 
601378 
001372 
001374 


081376 
001462 
001484 
0814108 
001412 
001414 
081428 
001424 
001426 
001438 


vees 


812706 
684767 
032767 
081816 


612710 
900400 
116701 
405301 
180376 
012710 
116701 
4105301 
100376 
600756 


612710 
600400 
416701 
105302 
408376 
012718 
416701 
405301 
180376 
026740 


20-NOV-78 


686776 
060100 
004000 


176214 


063777 
176200 


eeeoce 
176160 


0e4ee0 
176144 


1762308 
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SSQUARE WAVE TEST 


s$W 14, 43. 12 SELECTS DACs 


SW 11 SELECTS POLARITY 


sSW 7-8 CONTROLS FREQUENCY 
@STACK.%6 
%7,O0ACSEL 


SQUARE! MOV 


sor BIT 
BNE 


#4006,SR 
SN 


SPOSITIVE SQUARE WAVE 
188 CONTAINS DAC POINTER 


spi MOV 


#8, (8) 
+02 
SR,%1 


72 
03777,(0) 
SR»%1 

%1 

72 

$Q 


“4 


SNEGATIVE SQUARE WAVE 
5%@ CONTAINS DAC POINTER 


SNS MOV 
§R 
MOVB 
oECB 
BPL 
MOV 
MOVB 
oECB 
BPL 
BR 


SR,%1 


sS€7 Dac 
SBAL ANCE 


HOELAY 
sS€T Dac 


sOELAY 


sSET DAC 
SBALANCE 


sOELAY 
sSEY Dac 


sOELAY 


AY @ VOLTS 
TIME BETWEEN ¢ AND GNO 


AT 18 VOLTS 


AT @ VOLTS 


TIME BETWEEN = AND GNO 


AY -10 VOLTS 








PALK&i 


081432 
081446 
001442 
001446 
001458 
001456 
001460 
001464 
0861466 
001474 
001476 
001582 
001504 
001518 


vees 


132767 
601003 
016708 
680207 
452767 
001483 
616708 
0806207 
452767 
001483 
016700 
660207 
616700 
000207 
000001 


28-NOV~-76 


000160 
4176432 
000020 
176416 
0080040 
176462 
176376 


176131 


176113 


176075 
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OAC SELECT SUBROUTINE 
HSWITCH REGISTER BITS 14, 13, 12 SELECT Oacs 
REGISTER © WILL CONTAIN POINTER FOR DAC SELECTED 


i 
DACSEL! BITB #168,SRo4 518 OAC @ SELECTED? 
BNE $i 5NO 


0 
MOV OACO,%8 AYES 
RTs %7 ; 
OSi: 8178 @26,SR°1 p18 BAC 4 SELECTED 
BEQ os2 NO 
MOV OACi.%8 FYES 
RTs %7 
DS2s elite 640,SR°1 #18 DAC2 SELECTED 
BEG oss 5NO 
MOV 0acC2,%8 ;VES 
RTS %7 
OSs: MOV CaCS.%O@ sMUST BE DACS - NO OTWERS SELECTED 
RTS %7 
END 


PALXi1 vee3 


ci 681142 
c2 601168 
cs 081176 


CALIB 0681124 
pace 000100 
paca 088102 
pace 000104 
oacs 000106 
DACSEL 681432 
DACTST 601000 
ost 001450 


ps2 001466 
os3 001504 
ore 001018 
ora 681622 
prT2 001842 


DT2a 801046 
pT2B 801662 
ors 001070 
oTsa 001100 
oTSB 001114 


NOP 000240 
RAMP 081216 
RN 001278 
RNi 081362 
RN2 081304 
RP 001236 
RPL 001250 
RP2 081252 
SN 081376 
sP 001342 
so 681332 
SQUARE 681322 
R 4775708 


Ss 
STACK 0680776 


ERRORS DETECTED! @ 
RUN-TIME 4% SECONDS 
4K CORE USED 


20-NOV-78 


7158 
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